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DETECTING HEAT GENERATING FAILURES IN UNPASSIVATED 
SEMICONDUCTOR DEVICES 

TECHNICAL FIELD 

The present invention relates to the field of semiconductor devices, and more 
particularly to detecting heat generating failures in an unpassivated semiconductor device 
(a semiconductor device with a surface not having a passivation layer) by placing a non- 
electrically conductive coating on the unpassivated surface. 

BACKGROUND INFORMATION 

Conventional semiconductor devices are fabricated with a large number of 
components. For example, a single semiconductor device may include a number of 
structures, such as gates, jimctions, interconnects and contacts formed on an active area. 
The active area typically resides above a bulk silicon substrate of the semiconductor 
device. The structures formed may be desired to be electrically isolated. For example, 
although interconnects are designed to electrically connect certain portions of the 
semiconductor device, interconnects may be electrically isolated from the other 
interconnects. In another example, a floating gate may be electrically insulated from the 
source and drain. 

Semiconductor devices may experience failures, such as shorts, that arise when 
the semiconductor device is fabricated. Similarly, components of the semiconductor 
devices may fail during testing and/or operation. Hence, it may be desirable to perform 
failure analysis on semiconductor devices to determine if a failure occurred and if so, 
what type of failure has occurred, whether any of the components were affected and the 
location of the failiu-e. 

Certain types of failures, such as short circuits, generate heat. Hence, it may be 
desirable to detect such failures based upon the generation of heat. Detecting such 
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failures based upon the generation of heat may be accomphshed for semiconductor 
devices that have passivation layers on their surfaces. A passivation layer may refer to a 
layer on the surface of the semiconductor device that protects siHcon structures from 
contamination. Failures, e.g., short circuit, that generate heat may be detected beneath 
such a passivation layer because the heat will not be dissipated but localized around the 
source of the failure. Consequently, by detecting heat generated in a particular area of 
the semiconductor device, one may be able to detect and locate the source of a failure. 

However, some semiconductor devices do not have a passivation layer on a 
surface of the semiconductor device. These types of semiconductor devices may be 
referred to as "unpassivated semiconductor devices." For example, an unpassivated 
surface may include a surface of the semiconductor device that has been exposed by 
removing a portion of the bulk silicon substrate of the semiconductor device. Since an 
unpassivated semiconductor device has a surface that is unpassivated, heat that may be 
generated from a failure, e.g., short circuit, may be dissipated thereby preventing the 
detection of the failure. 

Therefore, there is a need in the art to be able to detect heat generating failures in 
unpassivated semiconductor devices. 
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SUMMARY 

The problems outlined above may at least in part be solved in some embodiments 
by applying a non-electrically conductive coating to an unpassivated surface of the 
unpassivated semiconductor device thereby being able to localize the heat generated by a 
5 failure in the unpassivated semiconductor device. 

In one embodiment of the present invention, a method for detecting a heat 
generating failure in a semiconductor device having an unpassivated surface may 
comprise the step of applying a non-electrically conductive coating to the unpassivated 
surface of the semiconductor device where the coating is capable of locaUzing heat 
10 generated by a heat-generating failure. The semiconductor device may be biased. The 

failure may be located by determining the location of the heat in the coating. 

The foregoing has outlined rather broadly the features and technical advantages of 
one or more embodiments of the present invention in order that the detailed description of 
the invention that follows may be better understood. Additional features and advantages 
15 of the invention will be described hereinafter which form the subject of the claims of the 

invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention can be obtained when the 
following detailed description is considered in conjunction with the following drawings, 
in which: 

Figure 1 is a side view of an embodiment of the present invention of an 
unpassivated semiconductor device; 

Figure 2 is a flowchart of a method for detecting heat generating failures in 
unpassivated semiconductor devices in accordance with the present invention; 

Figure 3 A is a cross-sectional view of the unpassivated semiconductor having a 
heat generating failure in accordance with the present invention; 

Figure 3B is a cross-sectional view of the unpassivated semiconductor device 
after the step of applying a non-electrically conductive coating on an unpassivated 
surface of the unpassivated semiconductor device is performed in accordance with the 
present invention; and 

Figure 3C is a plan view of the unpassivated semiconductor device after the step 
of biasing the unpassivated semiconductor device is performed in accordance with the 
present invention. 
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DETAILED DESCRIPTION 

The present invention comprises a method and semiconductor device for detecting 
a heat generating failure in a semiconductor device having an unpassivated surface. A 
non-electrically conductive coating may be applied to the unpassivated surface of the 
5 semiconductor device where the coating may be capable of localizing heat generated by a 

heat-generating failure. The semiconductor device may be biased. Upon biasing the 
semiconductor device, a heat generating failure may be located by determining the 
location of the heat in the coating. 

It is noted that the present invention relates to an improvement in failure analysis 
10 of semiconductor devices, particularly semiconductor devices having an unpassivated 

surface. The following description is presented to enable one of ordinary skill in the art 
to make and use the invention and is provided in the context of a patent application and 
its requirements. Various modifications to the disclosed embodiments will be readily 
apparent to those skilled in the art and the generic principles discussed herein may be 
15 applied to other embodiments. Thus, the present invention is not intended to be limited to 

the embodiment shown, but is to be accorded the widest scope consistent with the 
principles and features described herein. 

It is further noted that the present invention will be described in terms of a 
particular unpassivated semiconductor device. However, the present invention is 
20 consistent with the testing of other semiconductor devices. One of ordinary skill in the 

art will also readily recognize that for clarity, only certain portions of the semiconductor 
devices are depicted. 

Figure 1 - Semiconductor Device 

Figure 1 illustrates an embodiment of the present invention of an unpassivated 
25 semiconductor device 100. It is noted that for clarity, that only the portion of 

semiconductor device 100 is depicted and that Figure 1 is illustrative. Referring to 
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Figure 1, semiconductor device 100 may comprise bulk silicon 101, which acts as a 
substrate. Semiconductor device 100 may further comprise an oxide layer 102 residing 
on silicon 101. Semiconductor device 100 may further comprise a plurality of metal lines 
103A-D residing on oxide layer 102. Metal lines 103A-D may collectively or 
5 individually be referred to as metal lines 103 or metal line 103, respectively. It is noted 

that semiconductor device 100 may comprise any number of metal lines 103 and that 
Figure 1 is illustrative. 

As illustrated in Figure 1, semiconductor device 100 does not have a passivation 
layer on its surface 104 thereby exposing metal lines 103 to the air. Hence, 

10 semiconductor device 100 may be referred to as an "unpassivated" semiconductor device. 

As discussed in the Background Information section, since an unpassivated 
semiconductor device has a surface that is exposed to the air, heat that may be generated 
from a failure, e.g., short circuit, may be dissipated in the air thereby preventing the 
detection of the failure. Therefore, there is a need in the art to be able to detect heat 

1 5 generating failures in unpassivated semiconductor devices. 

Heat generating failures may be detected in impassivated semiconductor devices 
by applying a non-electrically conductive coating to an unpassivated surface as discussed 
below in conjunction with Figures 2 and 3A-C. Figure 2 is a method for detecting heat 
generating failures in unpassivated semiconductor devices. Figure 3A is a cross-sectional 

20 view of an unpassivated semiconductor having a heat generating failure, e.g., short 

circuit. Figures 3B is a cross-sectional view of the unpassivated semiconductor device 
after the step of applying a non-electrically conductive coating on an impassivated 
surface of the semiconductor device is performed in the method described in Figure 2. 
Figure 3C is a plan view of the unpassivated semiconductor device after the step of 

25 biasing the semiconductor device is performed in the method described in Figure 2. 
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Figure 2 - Method for Detecting Heat Generating failures in an Unpassivated 
Semiconductor Device 

Figure 2 is a flowchart of one embodiment of the present invention of a method 
200 for detecting heat generating failures in semiconductor device 100 (Figure 1) having 
5 an unpassivated surface 1 04 (Figure 1 ). 

Referring to Figure 3A, Figure 3A illustrates an embodiment of semiconductor 
device 100 of Figure 1 comprising a heat generating failure 301, e.g., short circuit, to be 
detected using method 200. Referring to Figure 2, in conjunction with Figure 3A, in step 
201, a coating is applied to unpassivated surface 104. The coating may be electrically 

10 insulating and allow for heat generated in the underlying semiconductor device to be 

localized m a small region of the coating. Thus, the coating may be thermally 
conductive. In addition, the coating may not allow heat to readily dissipate from 
unpassivated surface 104 of semiconductor device 100. In one embodiment, the coating 
used in step 201 may be a thin layer of liquid. For example, liquids that are thermally 

15 conductive but not electrically conductive, which have a high flash point to prevent 

burning of the coating and a low vapor pressure to prevent rapid evaporation of the 
liquid, may be used. In addition, the coating need not be liquid. In one embodiment, a 
silicon dioxide coating may be deposited on unpassivated surface 104 of semiconductor 
device 100 in step 201. For example, a Focused Ion Beam (FIB) may be used to deposit 

20 a coating of silicon dioxide. In such an embodiment, it may be preferred that the coating 

be approximately two microns in thickness. 

Referring to Figure 3B, Figure 3B is a cross-sectional view of semiconductor 
device 100 after step 201 has been performed. As illustrated in Figure 3B, a coating 302 
may be appHed to unpassivated surface 104 of semiconductor device 100. Coating 302 
25 may be a thin coating of liquid. In another embodiment, coating 302 may be silicon 

dioxide or another suitable material. 
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Returning to Figure 2 in conjunction with Figure 3B, in step 202, semiconductor 
device 100 is biased thereby causing failure 301 to generate heat. Referring to Figure 3C, 
Figure 3C is a plan-view of semiconductor device 100 after step 202 has been performed. 
As illustrated in Figure 3C, region 303 refers to a region in coating 302 (Figure 3B) in 
5 which heat is being generated from failure 301 . 

Returning to Figure 2, in conjunction with Figures 3B-C, the heat generating 
failure 301 is detected by detecting the failure site (site where failure occurs) or at least 
the localized area of the heat (region 303) in coating 302 generated from failure 301 in 
step 203. Step 203 may include detecting hot spots using an infrared or other heat sensor. 
10 Such sensors are often provided with tools typically used in failure analysis, such as a 

Mercury Cadmium Telluride (also known as MERCAD) detector or emission 
microscope. Because coating 302 localizes and reduces the amount of heat dissipated, 
the tool used in step 203 has an opportunity to capture the heat generated. 

Thus, using method 200, heat can be used to detect the location of heat-generating 
15 failures, even for unpassivated semiconductor device 100. Thus, failures, such as shorts 

301, may be detected without requiring the experimenter to deprocess the entire 
semiconductor device 100 in an effort to search for the failiu-e. Once failure 301 has been 
located using method 200, the region immediately around the failure can be deprocessed 
to fiirther investigate the nature of failure 301. As a result, failure analysis is improved 
20 and expedited. 

It is noted that one of ordinary skill in the art will readily recognize that method 
200 may include other and/or additional steps that, for clarity, are not depicted. It is 
fiirther noted that method 200 may be executed in a different order presented and that the 
order presented in the discussion of Figure 2 is illustrative. 
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A method and system has been disclosed for detecting heat generating failures in 
a semiconductor device having an unpassivated surface. Although the present invention 
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has been described in accordance with the embodiments shown, one of ordinary skill in 
the art will readily recognize that there could be variations to the embodiments and those 
variations would be within the spirit and scope of the present invention. Accordingly, 
many modifications may be made by one of ordinary skill in the art without departing 
5 from the spirit and scope of the appended claims. It is noted that the headings are used 

only for organizational purposes and not meant to limit the scope of the description or 
claims. 



9 



